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ADDITIONAL CHARACTERIZATION SURVEY 
O F  BUILDINGS 3 AND 8 

ALIQUIPPA FORGE SITE 
W EST ALIQUIPPA, PENNSYLVANIA 

INTRODUCTION AND SITE HISTORY 

From July  1948 to late 1949, Vulcan Crucible Steel Company operated a uranium-rolling process 

for the Atomic  Energy Commis s ion (AEC) in Building 3 of the fac ility  formerly owned by 

Universal Cyc lops  Specialty  Steel Div is ion of the Cyc lops  Corporation and currently  owned by 

Aliquippa Forge, Inc . Processed natural uranium billets  were sent to the Vulcan fac ility , where, 

during the rolling operation, the billets  were formed into rods and finished rods were boxed and 

shipped to other AEC fac ilities . The s ite was decontaminated in 1950 following completion of 

AEC operations . l 

In 1978, a radiological survey performed in and around Building 3 by Argonne National 
Laboratory (ANL), identified radioac tive contamination above current guidelines  on floors  and - 

walls  and on overhead beams above the furnaces that were used to heat the billets .’ In addition, 

contaminated s teel flooring was found outs ide the building, alongs ide the cooling tower. 

Radiological surveys that have been conducted s ince 1978 have identified other areas of residual 

uranium, both within Building 3 and on the surrounding grounds. The residual contamination 

exceeded current guidelines  for release to unrestric ted use; therefore, the property was inc luded 

in DOE’s  Formerly  Utilized Sites  Remedial Action Program (FUSRAP) in August 1983. 

In December 1987, a limited radiological characterization survey, performed by Bechtel 

National, Inc . (BNI), identified 14 areas of contamination in and around Building 3.2 Interim 

remedial activities were conducted by BNI in 1988 to allow restric ted use of the building by 

Aliquippa Forge, Inc . Most of the building was remediated by removing contaminated 

materials /equipment, and plac ing a barricade around the remaining contaminated area. 

Allqdppo F O Q C  Ste Addl. Char.- February 9,1994 



Post-remedial action surveys of Building 3 indicated that contamination was successfully 

removed from a large portion of the building. 

During the periods of May 17-22, 1992 and June 8-12, 1992, the Environmental Survey and Site 

Assessment Program @MAP) of Oak Ridge Institute for Science and Education (ORISE) 

performed an initial characterization survey of Building 3, Building 8, and the outdoor area 

along the west side of Building 3. 3 Additional characterization of areas within and adjacent to 

Buildings 3 and 8, that were inaccessible during the initial characterization efforts, was 

performed during the period of July through October, 1993. Results of characterization survey 

activities were provided to the DOE to facilitate the timely exchange of survey data and allow 

for consideration of contaminated areas in remedial action planning~~5*6*7 Verification survey 

activities commenced in late August 1993 and included areas that were characterized both during 

the previous characterization surveys and during the recent additional characterization surveys. 

SITE DESCRIPTION 

The Aliquippa Forge Site is located in a mixed industrial/residential area on a 3.2 hectare 

(8 acre) parcel of land along the Ohio River in West Aliquippa, Pennsylvania (Figure 1). The 

property, which is approximately 25 km northwest of Pittsburgh, Pennsylvania currently contains 

10 buildings, 8 of which are interconnected; 2 water towers; a cooling tower, and a small water 

basin (Figure 2). 

Building 3 (Figure 3) is divided into two bays: the west bay, which has been roped-off and 

posted as a controlled area, has a medium pitch corrugated aluminum roof topped by two large 

turret ventilators and three round ventilators. The east bay has an off-center corrugated 

aluminum roof characterized with skylights and topped with an elliptical ventilator that extends 

along the ridge. The two roof apexes are approximately 11 m in height. Roof drains extend 

from the gutter between the apexes to the concrete floor. Building 3 contains approximately 

2,400 m2 of floor space. It is constructed primarily of sheet-metal with steel structural beams 

and has a raised concrete foundation. The floor is mostly concrete with small areas of brick 

over dirt around the furnaces and bare dirt (where brick has been removed) or gravel. Pallets 

Allqdppo Foqe Site Addi. Char.- Febmy 9.1994 2 
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o f f ire br ick a n d  d i sman tle d  e q u i p m e n t cover  la rge  a reas  a t th e  sou th  e n d  o f th e  bui ld ing.  Two  
fu rnaces  (1  parba l ly  d i sman tled )  a n d  th e  cu tte r  pit a re  a lso  located wi th in th e  wes t bay . A n  a rea  

iden tifie d  as  a  *suspected m ica pit, ” a l leged ly  used  fo r  coo l ing  th e  ro l led u ran ium  bil lets, is 

located in  th e  eas t bay . 

B u i ld ing 8 , wh ich  ex tends  from  th e  nor th  e n d  o f B u i ld ing 3 , houses  two la rge  2-p is ton a i r  

compressors . B u i ld ing 8 , a lso  pos te d  as  a  con trol led a rea , consists o f 4  a reas , des igna te d  rooms  

A -D (F igure  4)  a n d  has  a  to ta l  floo r  space  o f app rox ima te ly  5 0 0  m 2 . W a ll a n d  ce i l ing 

cons truct ion a re  th e  s a m e  as  in  B u i ld ing 3 . Two  round  ven ti lators a re  p resen t o n  th e  roo f apex . 
The  floo r  is m o s tly concre te  wi th th e  excep tio n  o f R o o m  B , wh ich  is m a inly br ick over  dirt. 

The  mezzan ine  above  R o o m  D  (Too l  R o o m )  has  a  w o o d e n  floo r . The  wal l  separa tin g  B u i ld ings 

3  a n d  8  is cons tructed o f co r ruga te d  shee t-m e tal. 

The  o u tdoo r  a rea  a long  th e  wes t s ide o f B u i ld ing 3  (ad jacen t to  th e  load ing  dock)  is ba re  soil, 

app rox ima te ly  4 2  m  in  l eng th  a n d  averages  6  m  in  w id th . A  coo l ing  tower  a n d  w a ter  bas in , 

su r rounded  by  a  cha in  l ink fence , bo rder  th e  a rea  to  th e  nor th ; a  packed  dirt a n d  grave l  park ing  

a rea  borders  to  th e  wes t. A  dra in  l ine ex tends  a long  th e  wes t s ide o f B u i ld ing 3  a n d  fou r te e n  

p ipe  p e n e trat ions exist o n  th is  s a m e  s ide o f th e  bui ld ing.  

P R O J E C T  O R G A N IZA T IO N  A N D  R E S P O N S IB IL ITY  

D O E  H e a d q u a r ters  prov ides  overv iew a n d  coord ina tio n  fo r  al l  F U S R A P  ac tivities. The  D O E  
O a k  R idge  O p e r a tions  (DO E - O R O )  is respons ib le  fo r  i m p l e m e n ta tio n  o f F U S R A P  a n d  th e  

Fo rmer  S ites  Res to ra tio n  Div is ion (FSRD)  o f D O E - O R O , m a n a g e s  th e  dai ly  ac tivities. 

Unde r  th e  s tandard  F U S R A P  p ro tocol ,  a n  init ial invest igat ion/survey o f a  p o te n tia l  site is 

pe r fo r m e d  by  O R IS E  or  O a k  R idge  N a tiona l  Labo ra tory  ( O R N L ) , unde r  con tract to  D O E  

H e a d q u a r ters. If appropr ia te , D O E  H e a d q u a r ters  des igna tes  th e  site into F U S R A P  based  u p o n  

th e  resul ts p rov ided  by  th e  init ial invest igat ion. D O E ’s P roject M a n a g e m e n t C o n tractor ( P M C )  

fo r  F U S R A P  is B N I. B N I is respons ib le  fo r  th e  p lann ing  a n d  th e  i m p l e m e n ta tio n  o f F U S R A P  

ac tivit ies a n d  m a n a g i n g  th e  site charac ter izat ion a n d  remed ia l  ac tions . 

A l l qdppe  Forge  S & e  Add l .  Chu..  F d m y  9 ,1994 3  
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The Aliquippa Forge Site was selected for remediation under a proposed expedited protocol 
being considered within FUSRAP. In contrast to the standard protocol, under the expedited 

protocol, the designation contractor, for this site ORISE, functions as the organization 

responsible for the characterization and verification activities, while BNJ is responsible for 

conducting the remedial action and post-remedial action survey. Since the Aliquippa Forge Site 

had previously been designated, ORJSE will function as the organization responsible for 

characterization and verification only. 

OBJECTIVE 

The objective of the survey was to provide sufficient information to delineate areas of 

contamination in excess of guidelines and allow for design of a remedial action plan. 

PROCEDURES 

During the period from July through October, 1993, ESSAP performed additional 

characterization surveys of Buildings 3 and 8, and outdoor areas on the site. The survey was 

in accordance with a survey plan dated July 1, 1993 submitted to and approved by the DOE.8 

This report summarizes the procedures and results of the additional characterization surveys. 

INTERIOR 

ESSAP used the following procedures for the interior portions of the survey. 

Reference Grid 

A 1 m2 reference grid was established by ESSAP on the floors and lower walls (up to 2 m) of 

the Basement, Tool Room and Mezzanine in Building 8. The existing 2 m2 floor reference grid 

in Building 3, previously established by ESSAP, was used by ESSAP for survey reference. 

Measurements and samples from the overhead purlins and trusses were referenced to purlin and 

truss maps established by the PMC and/or to prominent building features. Ceilings, upper walls 

Allquip Fore Site Addl. Char.. Fdnaary 9.1994 4 
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and areas smaller than 10 m2 (e.g., pipe chase manhole, compressor pits, etc.) were not gridded. 
Measurements and samples from ungridded surfaces were referenced to the floor grid or to 

prominent building/equipment surfaces. 

Surface scans for alpha, beta and gamma activity were performed on floors, upper and lower 

walls, overhead purlins and trusses, equipment, ceilings, fans, and drains using GM and NaI 

scintillation detectors coupled to ratemeters or ratemeter-scalers with audible indicators. 

Locations of elevated direct radiation identified by surface scans were marked for further 

investigation. 

Surface Act . . mtv Measurements 

The radionuclide of concern is processed natural uranium, i.e. uranium separated from its long 
lived daughter products, but in its naturally occurring isotopic abundances. Processed natural 

uranium emits both alpha and beta radiation in approximately equal proportions; either beta 

activity levels or alpha activity levels may, therefore, be measured for determining uranium 

surface activity levels. 

Measurements for beta activity levels, rather than alpha activity, provide a more accurate 

representation of uranium surface activity because rough, dirty or damp surfaces may selectively 

attenuate alpha radiation. Therefore, beta activity levels were used for comparison with the 

guideline values. 

Grid block averaging was performed on the Tool Room and Mezzanine floors; upper surface and 

equipment measurements were not averaged over 1 m2 due to the difficulty in establishing a 
reference grid on uneven surfaces and on the structural purlins/trusses that support the roof. For 
the widespread contamination encountered in the overhead areas, it was more cost-effective to 

use scanning and single-point measurement data to characterize the areas requiring 

decontamination. 

Allqdppo Foqe Site Addl. Chu.. February 9,1994 5 
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M e a s u r e m e n ts fo r  to ta l  b e ta  ac tivity levels  in  gr id  b locks were  system a tical ly pe r fo r m e d  a t th e  

cen ter  a n d  fou r  po in ts, m idway  b e tween th e  cen ter  a n d  gr id  b lock comers . S ing le-po int  

m e a s u r e m e n ts were  a lso  per fo r m e d  a t locat ions o f e leva te d  direct rad ia tio n  wi th in each  gr id  

b lock a n d  a t locat ions o f e leva te d  direct rad ia tio n  iden tifie d  by  sur face scans o n  ungr idded  

surfaces. These  m e a s u r e m e n ts were  per fo r m e d  to  d e fin e  th e  boundar ies  o f those  a reas  wh ich  

exceeded  sur face ac tivity gu ide l ines.  

_ -  

Th i r teen gr id  b lock m e a s u r e m e n ts were  per fo r m e d  wi th in th e  g r idded  a rea  o n  th e  Too l  R o o m  

a n d  Mezzan ine  floors . Four  hund red  a n d  n ine ty s ing le-po int  d irect m e a s u r e m e n ts were  

per fo r m e d  o n  inter ior surfaces: 2 3 8  m e a s u r e m e n ts were  per fo r m e d  o n  th e  floors  a n d  lower  

wal ls,  1 8 3  m e a s u r e m e n ts o n  uppe r  surfaces, a n d  6 9  m e a s u r e m e n ts o n  e q u i p m e n t a n d  

m isce l laneous surfaces, such  as  th e  a i r  compressors , scrap e q u i p m e n t, dra ins,  e tc. A  smear  

samp le  fo r  d e te rm in ing  removab le  ac tivity was  o b ta ined  from  each  gr id  block, a t th e  locat ion 

cor respond ing  to  th e  m a x i m u m  direct m e a s u r e m e n t, a n d  from  each  s ing le-po int  d irect 

m e a s u r e m e n t locat ion. M e a s u r e m e n t a n d  samp l ing  locat ions fo r  to ta l  a n d  removab le  ac tivity a re  

i l lustrated o n  F igures  5 , 7 -14 , a n d  20 -39 . 

- 

E igh t res idue  a n d  sed imen t samp les  were  col lected from  ove rhead  b e a m s , a i r  compressors , a n d  

d rams . S a m p l ing locat ions a re  shown  in  F igures  8 , 1 2 , 1 3 , 2 0  a n d  4 0 . 

N ine ty-one soi l  samp les  were  col lected from  B u i ld ing 3  sub floo r  locat ions to  d e te rm ine  th e  

ex te n t o f res idua l  con ta m ina tio n . S u b floo r  soi l  samp l ing  locat ions a re  shown  in  F igure  4 0 . 
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EXTERIOR 

ESSAP used the following procedures for outdoor portions of the survey. 

. nce Gnd 

Measurements and samples from outdoor surfaces (e.g., rooftops, roof turrets and vents, roof 
and pipe penetrations) were referenced to prominent building surfaces. 

Surface scans for alpha, beta and gamma activity were performed on rooftops, roof turrets and 

vents, drain line, pipe penetrations, cooling tower, and the driveway between Buildings 8 and 

9 (Figure 6) using large area gas proportional detectors and NaI scintillation detectors coupled 

to ratemeters or ratemeter-scalers with audible indicators. Areas of elevated direct radiation, 

suggesting the presence of surface contamination, were marked for further investigation. 

en& 

Eighty-two single-point measurements were performed on randomly selected outdoor surfaces 

(e.g., roof vents and turrets, rooftops and gutters, pipe penetrations, drain lines, cooling tower, 

etc.) and at locations of elevated’ direct radiation identified by surface scans. These 

measurements were performed to define the boundaries of those areas which exceeded surface 

activity guidelines. A smear sample for determining removable activity was obtained from each 

direct measurement location. Measurement and sampling locations for total and removable 

activity are illustrated on Figures 13 through 19. 
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. aneous Samdmg 

Thirken residue and sediment samples were collected from roof penetrations and gutters, pipe 

penetration #6, the water basin, the cooling tower and the outside drain line. Sampling locations 
are shown in Figures 15, 17, and 18. 

SAMPLE ANALYSIS AND DATA -TATION 

.I 

*- 

“- 

/u 

Samples and survey data were returned to the ESSAP Oak Ridge laboratory for analyses and 

interpretation. Soil and miscellaneous samples were analyzed by gamma spectrometry. Spectra 

were reviewed for U-235 and U-238, and any other identifiable photopeaks. Soil and 

miscellaneous samples results were reported in pCi/g . Smears were analyzed for gross alpha 

and gross beta activity. Direct measurement data and smear data were converted to units of 

disintegrations per minute/100 cm2, and exposure rate measurements were recorded in units of 

@/h. Additional information concerning major instrumentation, sampling equipment, and 

analytical procedures is provided in Appendices A and B. Results were compared to the DOE 

guidelines which are provided in Appendix C. 

FINDINGS AND RESULTS 

INTERIOR 

.- 

,_I 

Surface scans of Buildings 3 and 8 identified elevated direct radiation on overhead trusses and 

purlins, the superstructure, the floor and lower walls in the Tool Room, Mezzanine and 

Basement, and equipment surfaces (e.g., air compressors, scrap equipment, etc.). These 
locations were noted for additional surface activity measurements. 
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Surface activity measurements in Buildings 3 and 8, meeting the DOE guidelines, are presented 
in Table 1. Three hundred and fifty single-point measurements on interior surfaces were within 

5,000 dpm/lOO cm2 (Figures 5 through 39). Removable activity levels were < 12 and < 16 

dpm/lOO cm* for alpha and beta, respectively. 

The surface activity measurements in Buildings 3 and 8 exceeding 5,000 dpm/lOO cm2 are 

summarized in Table 2. Direct measurements on the Tool Room and Mezzanine floors 

identified 13 grid blocks in which the average beta activity over the 1 m2 area exceeded 5,000 

dpm/ 100 cm2 (Figures 7 and 11). One hundred and forty single-point measurements exceeded 

5,000 dpm/lOO cm2 (Figures 5 through 39). Removable activity levels for these locations ranged 

from < 12 to 73 dpm/lOO cm2 for alpha and < 16 to 76 dpm/lOO cm2 for beta. 

Uranium concentrations in miscellaneous samples collected from overhead beams, air 

compressors, and drains are presented in Table 3. The total uranium concentrations in these 

samples ranged from 5.5 to 2700 pCi/g. 

Uranium concentrations in Building 3 subfloor soil samples collected are provided in Table 4. 

The total uranium concentration in these samples ranged from 1.3 to 970 pCi/g. The eight 

subfloor soil sampling locations exceeding guidelines are shown in Figure 41. 

EXTERIOR 

Surface Sa 

Surface scans for alpha, beta and gamma activity on the rooftops, roof penetrations, outside 

drain line, cooling tower and driveway between Buildings 8 and 9 were within the range of 

ambient background levels. 
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Surface scans of the turrets, roof vents, and pipe penetrations identified several locations of 

elevated direct radiation. These areas were noted for additional measurements and sampling. 

Surface activity measurements on outdoor surfaces, meeting the DOE guidelines, are presented 

in Table 1. Sixty-nine single-point measurements on exterior surfaces were within 5,000 

dpm/100 cm2 (Figures 13 through 19). Removable activity levels were < 12 and < 16 dpm/lOO 

cm2 for alpha and beta, respectively. 

The surface activity measurements on exterior surfaces exceeding 5,000 dpm/lOO cm2 are 

summarized in Table 2. Thirteen single-point measurements exceeded 5,000 dpm/lOO cm2 

(Figures 13 through 18). Removable activity levels were < 12 and < 16 dpm/lOO cm2 for alpha 

and beta, respectively. 

Concentrations in Miscellaneous SamDIes 

Uranium concentrations in miscellaneous samples collected from the driveway west of Building 

3, roof penetrations, roof gutters, drain line, pipe penetration, water basin and cooling tower are 

presented in Table 3. The total uranium concentrations in these samples ranged from 0.5 to 160 

pcifg. 

COMPARISON OF RESULTS WJTH GUIDELINES 

The DOE guidelines for residual radioactive material are summarized in Appendix C. The DOE 

surface contamination guidelines for processed natural uranium are as follows:9 

Total Activity 

5,000 01 dpm/lOO cm2, averaged over 1 m2 

15,000 Q dpm/lOO cm2, maximum in 100 cm2 

A&&pm Foqe Site AddI. Char.- Febmaq 9.1994 10 



Removable Activity 

1,000 (II dpm/lOO cm2 

a- 

*- 

,- 

-/ 

-. 

-. 

I .  

The site-specific uranium guideline for soil is 100 pCi/g for total uranium above background.” 

Residual uranium activity, exceeding 5,000 dpm/lOO cm2, was identified in numerous locations 

in Buildings 3 and 8 (Table 2). Total uranium concentrations in soil and miscellaneous samples 
exceeded the site-specific soil guideline at several locations (Tables 3 and 4). Figure 41 

illustrates the subfloor soil locations in Building 3 that exceed guidelines. 

Additional areas of residual contamination were detected adjacent to those areas identified in this 

report as remedial actions progressed. These areas of residual contamination included surface 

contamination on the I-beam columns along the east-west bay centerline and in the scale 
apparatus pit in the east bay. Locations of subfloor soil contamination were identified extending 

into the east bay. 

SUMMARY 

At the request of the U.S. Department of Energy, the Oak Ridge Institute for Science and 

Education’s Environmental Survey and Site Assessment Program conducted additional 

characterization surveys of Buildings 3 and 8 at the Aliquippa Forge Site in West Aliquippa, 

Pennsylvania. Survey activities included surface scans, surface activity measurements, and soil 

and residue sampling. 

Residual uranium activity, exceeding 5,000 dpm/lOO cm2, was identified in numerous locations 

in Buildings 3 and 8 (Table 2). The majority of the contamination identified by the additional 

characterization surveys was confined to three major areas in Building 3: subfloor soil; 

superstructure surfaces; and the overhead roof vents and turrets. The majority of the 

contamination in Building 8 included four major areas: Tool Room and Mezzanine floor and 

lower walls; air compressor surfaces and pits; overhead trusses and purlins; and Room B walls 

and overhead surfaces. Removable activity levels for all areas were within the guidelines; 
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. I  

however , res idue  samp les  col lected from  th e  ove rhead  sur faces in  th e  B u i ld ing 8  Mezzan ine , th e  

I -beam near  V e n t # 3  in  B u i ld ing 3 , a n d  Truss 1  in  B u i ld ing 8  exceeded  gu ide l ine  levels  fo r  

concen trat ions o f to ta l  u ran ium . 

S o il samp les  col lected from  b e n e a th  th e  B u i ld ing 3  floo r  exceeded  gu ide l ine  levels  a t e igh t 

bo reho le  locat ions (F igure  4  1) . To ta l  u ran ium  concen trat ions in  these  soi l  samp les  ranged  from  

loo  to  9 7 0  p a /g . 

Add i tiona l  a reas  o f sur face con ta m ina tio n  o n  th e  cen ter l ine I -beam co lumns  a n d  in  th e  sca le  

appa ra tus  pit we re  iden tifie d  as  remed ia l  ac tions  p rogressed . Loca tions  o f sub floo r  soi l  

con ta m ina tio n  ex tend ing  into th e  eas t bay  were  d e tec te d  dur ing  th e  soi l  r emed ia tio n  ac tivit ies in  

th e  wes t bay . 

.- 
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FIGURE 1: Location of the Aliquippa Forge Site, West Aliquippa, Pennsylvania 
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FIGURE 5: Building 8 Basement - Measurement and Sampling Locations 
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FIGURE 23: Building 8, Truss 2 - Measurement and Sampling Locations 
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FIGURE 28: Building 8, Bay 3, East - Measurement and Sampling Locations 
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# 
> 5,000 dpm/lOO cm2 
< 15.000 dpm/lOO cm2 

x* 
NOT TO SCALE 

FIGURE 31: Building 8, Truss 5 Platform - Measurement and Sampling Locations 
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bh I 
PlATEORM 

1 
WEST WALL 

MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACTIVITY 
TRUSS MEMBERS 

l < 5,000 dpm/lOO cm2 

FIGURE 32: Building 8, Truss 5 - Measurement and Sampling Locations 
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1 m a . 
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MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACTIVITY 
WALL SURFACES 

l < 5,000 dpm/lOO cm2 

FEET 

Od 
0 2 

METERS 

FIGURE 33: Building 8, Room B, East Wall - Measurement and Sampling Locations 
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MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACTIVITY 
WALLS AND FLOOR 

l < 5,000 dpm/lOO cm2 

Ia 
> 5.000 dpm/lOO cm2 
< 15,000 dpm/lOO cm2 

@  > 15,000 dpm/lOO cm2 

FIGURE 34: Building 8, Room B, North Wall - Measurement and Sampling Locations 

0 
FEET 6 
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MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACTIVITY 
WALLS AND FLOOR 

l < 5,000 dpm/lOO cm2 

?a 
> 5,000 dpm/lOO an2 
< 15.000 dpm/lOO cm2 

@ > 15,000 dpm/lOO cm2 

FIGURE 35: Building 8, Room 8, West Wall - Measurement and Sampling Locations 
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PURLIN 

I. CRANE 
TRACK : 

PURLIN . 

PURtiN : 

PURLIN 1 

MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACl-lVlM 
OVERHEAD SURFACES 

l c  5,000 dpm/lO O  cm2 

n 
> 5,000 dpm/lO O  cm2 

< 15,000 dpm/lO O  cm2 

FIGURE 36: Building 8, Room 8, Overheads - Measurement and Sampling Locations 
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EAST 
PURLIN 

PURLIN 

CENTER 
I-BEAM 

WEST 
PURLIN 

-------L------- A--- (i l -‘-‘-‘-- ----- - ------- 

INSIDE LOOKING UP AT ROOF 

MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACTIVITY 
ROOF PANELS/PURLINS 

PURLINS/I-BEAMS 

@ < 5,000 dpm/lOO cm2 
-+I+-N 

)=1 > 5,000 dpm/lOO cm2 
c 15,000 dpm/lOO cm2 0 FEET 6 

@ > 15,000 dpm/lOO cm2 ------- ROOF PANEL SEAMS 

FlGURE 37: Building 3, North Turret Penetration - Measurement and Sampling Locations 
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1 EAST FURNACE 

MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACTIVITY 
SUPERSTRUCTURE 

l < 5,000 dpm/lOO cm2 
# > 5,000 dpm/lOO cm2 

< 15,000 dpm/lOO cm2 
@ > 15,000 dpm/lOO cm2 

-* 

15 

O& 

FIGURE 38: Building 3, Superstructure - Measurement and Sampling Locations 
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1.5m ‘/-/ 
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MEASUREMENT/SAMPLING 
LOCATIONS 

SURFACE ACTIVITY 
TRUSS MEMBERS 

l < 5,000 dpm/lOO cm2 

)cl 
> 5,000 dpm/lOO cm2 
< 15,000 dpm/lOO cm2 

@ > 15,000 dpm/lOO cm2 

u 

F-J 
+ 

NOT TO SCALE 

FIGURE 39: Building 3, Pipe Chase Manhole - Measurement and Sampling Locations 
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N 

SAMPLING LOCATIONS 

#SUBSURFACE SOIL x 
Q #HIT REFUSAL WITHOUT 

OBTAINING SOIL SAMPLES 

0 R RESIDUE SAMPLE 

_ _ _ - ;g;;;;$ED AREA 
&IL 

t 

-Jr 

,T+m FM LROAD 

FIGURE 40: Building 3 - Sampling Locations 
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Iv 

w 
#SUBSURFACE SOIL 

EXCEEDING GUIDELINES -rr#H= RAILROAD 
I! 

SAMPUNG LOCATIONS CONTROLLED ARE4 
- - - - BOUNDARY 

FIGURE 41: Building 3, Floor - Subfloor Soil Locations Exceeding Guidelines 
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TABLE 1 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
MEETING GUIDELINES 

BUILDINGS 3 AND 8 
ALIQUIPPA FORGE 

WEST ALIQUIPPA, PENNSYLVANIA 

*Measurement locations exceeding guidelines are not included in this table. 
bNot Applicable. 
Two measurements on Building 8 roof not shown in Figures. 
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TABLE2 . 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
EXCEEDING 5,000 dpmI100 cm* 

BUILDINGS 3 AND 8 
ALIQUIPPA FURGE 

WEST ALIQUIPPA, PENNSYLVANIA 

Number of Measurement Range of Removable 

INTERIOR 
Basement 

Tool Room 

Air Compressors 

Mezzanine 

Scrap Equipment 

Bldg. 8 

Trusses/Purlins 
Bldg.8, Room B 

North Turret 

Penetration 
Bldg. 3 

Superstructure 
Pipe Chase 

Manhole 

5 3 N/A 6,000-8,000 N/A < 12 < 16 
I 17 7 6,100-60,000 5,400-12,000 < 12 c 16 
8 3 N/A S,loo-9,700 N/A < 12 < 16 

- 11,12 I 6 i,90@34,aM 6,600-20;OO0 < 12 < 16-21 
N/A 2 N/A 6,500-13,000 N/A < 12 17 

20-32 35 N/A 5,100-39,000 N/A < 12-19 < 16-31 

33-36 21 N/A 5,400-44,000 N/A s 12 <16 
31 18 N/A 5,300-180,ooo N/A < 12-21 < 16-18 

38 21 N/A 5,!900-260,000 N/A < 12-73 < 16-76 

39 7 N/A 5, NO-22,000 N/A N/A N/A 
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TABLE 2 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
EXCEEDING 5,000 dpm/lOO cm* 

BUILDINGS 3 AND 8 
ALIQUIPPA FORGE 

WEST ALIQUIPPA, PENNSYLVANIA 

Number of Measurement 

aMeasurement locations meeting guidelines are not included in this table. 
bNot Applicable. 
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T A B L E  3  

U R A N IUM C O N C E N T R A T IO N S  IN M IS C E L L A N E O U S  S A M P L E S  
B U IL D ING S  3  A N D  8  
A L IQ U IP P A  F O R G E  

W E S T  A L IQ U IP P A , P E N N S Y L V A N IA  

I.d O C S tiO Il 

INTERIOR 
A ir Compresso r  B a s e  
E . A ir Compresso r  P it 

W . A ir Compresso r  P it 
O verhead  B e a m , Mezzan ine  

O verhead  B e a m , V e n t # 3  

B ldg . 8 , Truss 1  
B ldg . 3 , R o o f D r a m  0 .4 N , 
1 5 .8 E  (moor  Leve l )  
B ldg . 3 , 2 N , 1 6 .5 E  

8  7 .2  f 0 .5  1 2 7 .1  f 8 .7  2 6 0  
8  2 .6  f 0 .7  6 2  f1 3  1 3 0  
8  0 .5  f 0 .1  9 .4  f 2 .1  1 9  
1 2  3 2 .5  f 1 .1  7 4 0  f 2 2  1 5 0 0  
1 3  8 0 .5  f 1 .5  1 3 0 0  f 2 3  2 7 0 0  
2 0  4 .2  f 0 .7  6 5  f 1 3  1 3 0  
4 0  0 .3  f 0 .1  2 .6  f 0 .8  5 .5  

4 0  0 .4  f 0 .1  6 .2  f 1 .4  1 3  

Y Jncerta int ies represen t th e  9 5 %  con fidence  level,  based  on ly  o n  coun tin g  statistics. 
bT0 ta .l u ran ium  concen trat ions a re  ca lcu lated based  o n  n a tura l  isotopic abundances . 

ABqdppmForge8&eAdd l .Chu . -Feb ruu~~ ,1~  5 8  
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TABLE 4 

URANIUM CONCENTRATIONS IN SUBF’LOOR SOIL SAMPLES 
BUILDING 3, ALIQUIPPA FORGE 

WEST ALIQUIPPA, PENNSYLVANIA 

4 19 - 28 0.3 f 0.1 3.6 f 1.1 7.5 
28 - 39 0.1 f 0.1 2.9 f 1.3 5.9 
39 - 63 0.1 f 0.1 1.9 f 0.8 3.9 
63 - 86 0.1 f 0.1 1.1 f 0.9 2.3 
86-109 0.2 f 0.1 1.5 f 1.2 3.2 

5 15 - 25 0.2 f 0.1 2.2 f 1.1 4.6 
6 15 - 25 3.7 f 0.2 60.8 f 3.2 130 
7 20 - 40 31.3 f 0.5 352.9 f 5.8 740 

40 - 70 1.5 f 0.2 24.8 f 2.6 51 
8 28 - 35 7.2 f 0.2 60.7 f 2.3 130 

35 - 60 7.9 f 0.2 86.0 f 2.9 180 
60 - 85 14.1 f 0.4 197.7 f 5.4 410 

II ! 85 - 90 ! 6.4 f 0.5 1 81.5 f 7.1 ! 170 I 
9 20 - 50 1.2 f 0.1 11.1 f 1.0 23 

50 - 70 1.1 f 0.1 10.0 f 1.3 21 
10 19 - 27 0.2 f 0.1 2.7 f 1.0 5.6 
11 16 - 22 1.3 f 0.1 18.0 + 2.9 37 

28 - 52 0.4 f 0.1 5.1 f 1.3 11 
12 Refusal --- --- --- 
13 Refusal -me -A- --- 
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TABLE 4 (Continued) 
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URANIUM CONCENTRATIONS IN SUBF’L4lOR SOIL SAMPLES 
BIJILDING 3, ALIQUIPPA FORGE 

WEST ALIQUIPPA, PENNSYLVANIA 
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TABLE 4 (Continued) 

URANIUM CONCENTRiiTIONS IN SUBF’LOOR SOIL SAMPLES 
BUILDING 3, ALIQUJPPA FORGE 

WEST ALIQUIPPA, PENNSYLVANIA 

. . . 1) 

I I  

*- 

*- 

.c  

.*- 

25 16 - 24 3.6 f 0.2 48.8 f 2.5 100 
24 - 33 2.3 f 0.1 29.7 f 2.4 62 
33 - 38 2.4 f 0.1 30.0 * 2.0 62 

26 17 - 26 2.8 f 0.2 46.5 f 2.7 96 
26 - 37 0.8 f 0.2 11.9 f 1.7 25 
37 - 46 0.6 f 0.1 5.7 f 2.1 12 
46 - 62 0.4 f 0.1 3.0 f 1.7 6.4 

27 14 - 30 3.0 f 0.2 33.5 f 2.0 70 
30 - 40 0.5 f 0.2 7.2 f 2.3 15 
40 - 43 0.2 f 0.1 1.6 f 0.8 3.4 

28 15 - 29 0.1 f 0.1 1.6 + 1.0 3.3 
29 - 40 0.1 f 0.1 1.5 f 1.0 3.1 
40 - 56 0.1 f 0.1 2.1 f 1.1 4.3 

29 17 - 30 1.2 f 0.1 20.6 f 2.4 42 
30 - 40 0.3 f 0.1 2.9 f 1.5 6.1 
40 - 48 0.3 f 0.1 3.2 f 1.5 6.7 

30 19 - 30 0.5 f 0.1 7.6 f 1.5 16 
30 - 40 0.1 f 0.1 cl.2 ~2.5 
40 - 47 0.3 f 0.1 2.9 f 0.9 6.1 

31 12 - 25 0.4 f 0.1 3.6 f 1.3 7.6 
25 - 35 5.4 f 0.2 91.2 f 3.6 190 
35 - 48 0.1 f 0.1 1.1 f 0.7 2.3 

32 20 - 32 1.7 f 0.1 17.3 f 1.5 36 
32 - 41 1.7 f 0.1 28.6 f 2.3 59 
41-54 1.1 f 0.1 15.2 f 2.1 32 I- 

- 
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TABLE 4 (Continued) 

URANIUM CONCENTRATIONS IN SUBFLOOR SOIL SAMPLES 
BU-ILDING 3, ALIQUIPPA FORGE 

WEST ALIQUIPPA, PENNSYLVANIA 

II 49 - 68 0.1 * 0.1 1.3 f 1.0 2.7 

‘Refer to Figure 40. 
bUncertainties represent the 95% confidence level, based only on counting statistics. 
‘Total uranium concentrations are calculated based on natural isotopic abundances. 
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APPENDIX A  

MAJOR INSTRUMENTATION 

The display of a specific product is not to be construed as an endorsem ent of the product or its 
m anufacturer by the author or their employers. 

DIRECT RADIATION MEASUREMENT 

en@ 

Eberline Pulse Ratem eter 
M odel P I&f-6 
(Eberline, Santa Fe, NM) 

Eberline “Rascal” Ratem eter-Scaler 
M odel PRS-1 
(Eberline, Santa Fe, NM) 

Ludlum  Floor M onitor 
M odel 239-l 
(Ludlum  M easurem ents, Inc., 
Sweetwater, TX) 

Ludlum  Ratem eter-Scaler 
M odel 2221 
(Ludlum  M easurem ents, Inc. 
Sweetwater, TX) 

Ludlum  Gas Proportional Detector 
M odel 43-37 
E ffective Area, 550 cm*  
(Ludlum  M easurem ents, Inc., 
Sweetwater, TX) 

Eberline GM Detector 
M odel HP-260 
E ffective Area, 15.5 cm*  
(Eberline, Santa Fe, NM) 
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Detectors (Continued) 

Victoreen NaI Scintillation Detector 
Model 489-55 
3.2 cm x 3.8 cm Crystal 
(Victoreen, Cleveland, OH) 

LABORATORY ANALYTICAL INSTRUMENTATION 

,*- 

.I 

Alpha Spectrometry System 
Tennekc Ekctronics Model 
(Tennelec, Oak Ridge, TN) 
Used in conjunction with: 
Surface Barrier and Ion Implanted Detectors 
(Canberra, Meriden, CT and 
Tennelec, Oak Ridge, TN) and 
Multichannel Analyzer 
3100 Vax Workstation 
(Canberra, Meriden, CT) 

High Purity Extended Range Intrinsic Detectors 
Model No: ERVDS30-25195 
(Tennelec, Oak Ridge, TN) 
Used in conjunction with: 
Lead Shield Model G- 11 
(Nuclear Lead, Oak Ridge, TN) and 
Multichannel Analyzer 
3100 Vax Workstation 
(Canberra, Meriden, CT) 

High-Purity Germanium Detector 
Model GMX-23195-S, 23 96 Eff. 
(EG&G ORTEC, Oak Ridge, TN) 
Used in conjunction with: 
Lead Shield Model G-16 
(Gamma Products, Palos Hills, IL) and 
Multichannel Analyzer 
3100 Vax Workstation 
(Canberra, Meriden, CT) 

High-Purity Germanium Coaxial Well Detector 
Model GWL-110210-PWS-S, 23% Eff. 
(EG&G ORTEC, Oak Ridge, TN) 
Used in conjunction with: 
Lead Shield Model G-16 
(Applied Physical Technology, Atlanta, GA) and 
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Multichannel Analyzer 
3100 Vax Workstation 
(Canberra, Meriden, CT) 

High-Purity Intrinsic Germam ‘urn Detector 
Model IGC25,25% Ef.f. 
(Princeton Gamma-Tech, Princeton, NJ) 
Used in conjunction with: 
Lead Shield 
(Nuclear Data, Schaumburg, IL) and 
Multichannel Analyzer 
3100 Vax Workstation 
(Canberra, Meriden, CT) 

Low Background Gas Proportional Counter 
Model LB-51 10-W 
(Oxford, Oak Ridge, TN) 
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APPENDIX B  

SURVEY AND ANALYTICAL PROCEDURES 

SURVEY PROCEDURES 

Surface scans were perform ed by passing the probes slowly over the surface; the distance 
between the probe and the surface was m aintained at a m inim um-nominally about 1 cm. A  

large surface area, gas proportional floor m onitor was used to scan the Tool Room  and Basem ent 

floors and the outside driveway. Other surfaces were scanned using small area (15.5 cm*) hand- 
held detectors. Identification of elevated levels was based on increases in the audible signal 

from  the recording and/or indicating instrum ent. Com binations of detectors and instrum ents 

used for the scans were: 

Alpha - gas proportional detector with ratem eter-scaler 

Beta - gas proportional detector with ratem eter-scaler 

Beta - GM detector with ratem eter-scaler 

Gam m a - NaI scintillation detector with ratem eter 

. . rface Act1 vltv M easurem ents _ 

M easurem ents for total beta activity levels were perform ed using GM detectors with ratem eter- 

SC&B. 

Count rates @pm), which were integrated over 1 m inute in a static position, were converted to 
activity levels (dpm /lOO cm*) by dividing the net rate by the 4~ efficiency and correcting for the 

active area of the detector. The beta activity background count rates for the GM detectors 

,Uiqmippo Forge Site AdcU. Char.- Fd-rmw 9, I- B-l 
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averaged approximately 45 cpm. Beta efficiency factors ranged from 0.15-0.18 for the GM 

detectors. The effective probe area for GM detectors is 15.5 cm*. 

ovab 

Removable activity levels were determined using numbered filter paper disks, 47 mm in 

diameter. Moderate pressure was applied to the smear, and approximately 100 cm* of the 

surface was wiped. Smears were placed in labeled envelopes with the location and other 

pertinent information recorded. 

soil sampling 

/I 

I . . . ,  

Approximately 1 kg of soil was collected at each sample location. Collected samples were 

placed in a plastic bag, sealed, and labeled in accordance with ESSAP survey procedures. 

Residue Sampling 

Residue (e.g., dust, dirt, etc.) was collected at each sample location. Collected samples were 

placed in a plastic bag, sealed, and labeled in accordance with ESSAP survey procedures. 

Sediment Sampling 

Approximately 1 kg of sediment was collected at each sample location. Collected samples were 

placed in a plastic container, sealed, and labeled in accordance with RSSAP survey procedures. 

AEqaippo PO- Skc Addl. Char.- Febmq 9,19!M B-2 
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ANALYTICAL PROCED~ 
(a- 

S m ears were counted on a low background gas proportional system  for gross alpha and gross 

beta activity. 

bfiSCeiiaIEOUS &UDDkS 
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*a- 
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.- 

.- 
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Samples of soil, residue and sedim ent were dried, m ixed, crushed, and/or hom ogenized as 

necessary, and a portion sealed in a 0.5-liter M arinelli beaker or other appropriate container. 

The quantity placed in the beaker was chosen to reproduce the calibrated counting geom etry. 

Net m aterial weights were determ ined and the sam ples counted using intrinsic germ anium  

detectors coupled to a pulse height analyzer system . Background and Com pton stripping, peak 

search, peak identification, and concentration calculations were perform ed using the com puter 

capabilities inherent in the analyzer system . Energy peaks used for determ ination of 

radionuclides of concern were: 

U-235 0.186 M eV 

U-238 0.063 M eV or 0.093 M eV from  Th-234* 

*Secular equilibrium  assum ed. 

Spectra were also reviewed for other identifiable photopeaks. 

UNCERTAINTIES AND DETECTION LIM ITS 

The uncertainties associated with the analytical data presented in the tables of this report 
represent the 95%  confidence level for that data. These uncertainties were calculated based on 

both the gross sam ple count levels and the associated background count levels. Additional 

uncertainties, associated with sam pling and m easurem ent procedures, have not been propagated 
into the data presented in this report. 
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D e tec tio n  lim its, re fe r red  to  as  m inim u m  d e tec tab le  ac tivity ( M D A ) , we re  based  o n  2 .7 1  p lus  

4 .6 6  tim e s  th e  s tandard.  dev ia tio n  o f th e  backg round  coun t: 2 .7 1 + ( 4 .6 6 J B K G ) . W h e n  th e  
ac tivity was  d e te rm ined  to  b e  less th a n  th e  M D A  o f th e  m e a s u r e m e n t p rocedure , th e  resul t  was  

rqor te d a ,s lessthanM D A . Because  o f var iat ions in  backg round  levels, m e a s u r e m e n t 

e ff iciencies, th e  d e tec tio n  lim its differ from  samp le  to  samp le  a n d  instrum e n t to  instrum e n t. 

C A L IB R A T IO N  A N D  Q U A L ITY  A S S U R A N C E  

Ana l y tical a n d  fie ld  survey ac tivit ies were  conduc te d  in  accordance  with p rocedures  from  th e  

fo l low ing d o c u m e n ts o f th e  Env i r onmen ta l  Su rvey  a n d  S ite  A ssessmen t P rog ram : 

l  Survey  P rocedures  M a n u a l , Rev is ions 7  a n d  7 .1  (May  1 9 9 2  a n d  S e p te m b e r  1993 )  

I- 

* Labo ra tory  P rocedures  M a n u a l , Rev is ion 8  (Augus t 1993 )  
0  Qual i ty  A s s u r a n ~  M a n u a l , Rev is ion 6  (July 1993 )  

The  p rocedures  con ta ined  in  these  manua l s  were  deve loped  to  m e e t th e  requ i remen ts o f D O E  

O rder  5 7 0 0 .6 C  a n d  A S M E  N Q A - 1  fo r  Q u a lity A ssurance  a n d  con ta in  measu res  to  assess 

processes  dur ing  the i r  pe r fo rmance . 

Cal ibrat ion o f al l  fie ld  a n d  labora tory  instrum e n ta tio n  was  based  o n  standards/sources,  t raceab le  

to  N IS T , w h e n  such  s tandards/sources were  avai lab le.  In  cases whe re  they  were  n o t avai lab le,  

s tandards  o f a n  indus try recogn ized  o rgan iza tio n  were  used . Cal ibrat ion o f pressur ized 

ion izat ion chambers  was  per fo r m e d  by  th e  m a n u fac turer . 

Q u a lity con trol p rocedures  inc lude:  

l  Dai ly  instrum e n t backg round  a n d  check-source m e a s u r e m e n ts to  con firm  th a t 

e q u i p m e n t ope ra tio n  is wi th in accep tab le  statistical fluc tu a tions . 
l  P a r t ic ipat ion in  E P A  a n d  E M L  labora tory  Q u a lity A ssurance  P rog rams . 
0  Tra in ing  a n d  cert i f icat ion o f al l  ind iv idua ls  pe r fo rm ing  p rocedures . 
l  Per iod ic  in ternal  a n d  ex terna l  aud i ts. 
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APPENDIXC 

SUMMARY OF DEPARTMENT OF ENERGY 
RESIDUAL RADIOACTIVE MATERIAL GUIDELINES’ 

BASIC DOSE LIMITS 

The basic dose limit for the annual radiation dose (excluding radon) received by an individual 
member of the general public is 100 mrem/yr. * In implementing this limit, DOE applies as low 
as reasonably achievable principles to set site-specific guidelines. 

EXTERNAL GAMMA RADIATION 
,..- 

The average level of gamma radiation inside a building or habitable structure on a site that has 
no radiological restriction on its use shall not exceed the background level by more than 20 @h 
and will comply with the basic dose limits when an appropriate-use scenario is considered. 

SURFACE CONTAMINATION GUIDELINES “.- 

Radionuclidesb 

Allowable Total Residual Surface Contamination 
(dpm/ 100 cm*) 

Averagecvd Maximum&” Removabledpf 

Transuranics, Ra-226, Ra-228, 
Th-230 Th-228, Pa-231, AC-227, 
I-125, I-129 100 300 20 

.- Th-Natural, Th-232, Sr-90, 
Ra-223, Ra-224, U-232, 
I-126, I-131, I-133 Loo0 3,000 200 

U-Natural, U-235, U-238, and 
associated decay products 5,OOOar 15,Oooa l,OOOCY 

.- 
Beta-gamma emitters (radionuclides 
with decay modes other than 
alpha emission or spontaneous 
fission) except Sr-90 and others 
noted above 5,0008-Y 15#W-Y 1 ,oowY 

’ As used in this table, dpm (disintegrations per minute) means the rate of emission by 
radioactive material as determined by correcting the counts per minute measured by an 
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appropr ia te  d e tec tor  fo r  backg round , e ff iciency, a n d  g e o m e tric fac tors  assoc ia ted with th e  
instrum e n ta tio n . 

b  W h e r e  sur face con ta m ina tio n  by  b o th  a lpha-  a n d  b e ta - g a m m a - e m i ttin g  rad ionuc l ides  exists, th e  
lim its es tab l i shed fo r  a lpha-  a n d  b e ta - g a m m a - e m i ttin g  rad ionuc l ides  shou ld  app ly  
i ndependen tly. 

’ M e a s u r e m e n ts o f ave rage  con ta m ina tio n  shou ld  n o t b e  ave raged  over  a n  a rea  o f m o r e  th a n  
1  m *. For  ob jec ts o f less sur face a rea , th e  ave rage  shou ld  b e  der i ved  fo r  each  such  ob jec t. 

d  The  ave rage  a n d  m a x i m u m  dose  ra tes  assoc ia ted with sur face con ta m ina tio n  resul t ing from  
b e ta - g a m m a  e m itters  shou ld  n o t exceed  0 .2  m rad /h  a n d  1 .0  m rad /h , respec tively, a t a  d e p th  
o f 1  c m . 

e  The  m a x i m u m  con ta m ina tio n  level  app l ies  to  a n  a rea  o f n o t m o r e  th a n  1 0 0  cm*. 

f The  a m o u n t o f removab le  rad ioac tive m a ter ia l  pe r  1 0 0  cm*  o f sur face a rea  shou ld  b e  
d e te rm ined  by  w ip ing  a n  a rea  o f th a t s ize with dry  filte r  o r  so ft abso rben t pape r , app ly ing  
m o d e r a te  pressure , a n d  measur ing  th e  a m o u n t o f rad ioac tive m a ter ia l  o n  th e  w ipe  with a n  
appropr ia te  instrum e n t o f known  e fficiency. W h e n  removab le  con ta m ina tio n  o n  ob jec ts o f 
sur face a rea  less th a n  1 0 0  cm*  is d e te rm ined , th e  ac tivity pe r  un i t a rea  shou ld  b e  based  o n  th e  
ac tua l  a rea  a n d  th e  e n tire sur face shou ld  b e  w iped . The  numbers  in  th is  co lumn  a re  m a x i m u m  
a m o u n ts. 

S O IL  G U IDEL INES  

Rad ionuc l ides  S o il Concen trat ion (pCi /g)  A b o v e  Backg roundqbVc  

Rad ium-226 , Rad ium-228 , 
Tho r i um-230 , Tho r i um-232  5  pC i /g , ave raged  over  th e  first 1 5  c m  o f soi l  be low  th e  

surface; 1 5  pC i /g , ave raged  over  15cm- th ick layers o f soi l  
m o r e  th a n  1 5  c m  be low  th e  surface. 

To ta l  U ran ium  1 0 0  p a /g ’ 

I These  gu ide l ines  take  into accoun t i ng rowth  o f rad ium-226  from  tho r i um-230  or  tho r i um-232  
a n d  rad ium-228  a n d  assume  secu lar  equ i l ibr ium.  If e i ther  Th -230  a n d  Ra -226  or  Th -232  a n d  
Ra -228  a re  b o th  p resen t, n o t in  secu lar  equ i l ibr ium,  th e  gu ide l ines  app ly  to  th e  h igher  
concen tration. If o the r  m ixtures o f rad ionuc l ides  occur,  th e  c o n q W r a tions  o f ind iv idua l  
rad ionuc l ides  shal l  b e  reduced  so  th a t (1)  th e  dose  fo r  th e  m ixtures wi l l  n o t exceed  th e  bas ic  
dose  lim it, o r  (2)  th e  s u m  o f ra tios  o f th e  soi l  concen trat ion o f each  rad ionuc l ide  to  th e  
a l lowab le  lim it fo r  th a t rad ionuc l ide  wi l l  n o t exceed  1  (“un i ty”). 

b  These  gu ide l ines  represen t a l lowab le  res idua l  concen trat ions above  backg round  ave raged  across 
any  15-cm- th ick layer  to  any  d e p th  a n d  over  any  con tiguous  1 0 0  m * sur face a rea . 

A l i qdppo  Foqe  site Mdl .  Char . -  Febnury  9 ,1994 c-2 



as..” 

c If the average concentration in any surface or below-surface area, less than or equal to 25 m*, 
exceeds the authorized limit of guideline by a factor of (100/A)*, where A is the area or the 
elevated region in square meters, limits for “hot spots” shall also be applicable. Procedures 
for calculating these hot spot limits, which depend on the extent of the elevated local 
concentrations, are given in the DOE Manual for Implementing Residual Radioactive Materials 
Guidelines.’ In addition, every reasonable effort shall be made to remove any source of 
radionuclide that exceeds 30 times the appropriate limit for soil, irreqwtive of the average 

..r concentration in the soil. 

,- 
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